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P. cinereus before, during, and after rainfalls. He inferred that prey became "limited" in availability during rainless periods because the salamanders were not able to forage outside their retreats in the dry leaf litter on the forest floor.
Both males and females of P. cinereus defend these retreats under rocks and logs as territories (Mathis, 1990) during courting and noncourting seasons (Jaeger, 1979; Mathis, 1989) . Mathis (1990) demonstrated that cover object size may be one indicator of territorial quality. In a natural forest habitat in Virginia, she found a significant, positive correlation between the snoutvent length of salamanders and the sizes of the cover objects that they occupied; she concluded that intraspecific competition occurs for larger cover objects because such cover objects provide a greater buffer zone from desiccation than smaller cover objects. My study tested Mathis' (1990) hypothesis that bigger salamanders have better territories. I correlated quantities and profitability of prey available within territories of P. cinereus to body size and condition of the salamanders holding the territories.
I hypothesized that larger salamanders, based on snout-vent length (SVL) and mass, would be found in more profitable food territories (i.e., both in numbers of prey available and in prey type) than would smaller salamanders. To test this hypothesis, I assayed the invertebrates around the perimeter of cover objects used as territories by P. cinereus in their natural habitat.
Methods.-I conducted this research at Hawksbill Gap, Shenandoah National Park, Giles County, Virginia, in a mixed deciduous forest from 0700-1600 h each day during a four-day period from 15-18 July 1992. I performed the research on two 2500 m2 sites nine days after 1.96 cm of rain fell (Climatological Data, 1992), because Jaeger (1980) found that no rain for at least three days significantly limited the foraging success of this species. Based on his results, I assumed that the salamanders in my study were limited to foraging under and around their cover objects after a nine-day rainless period and that, therefore, my research assessed food availability of individuals defending territories containing limited resources. These salamanders are presumed territorial residents based on reports of long-term site specificity of individuals under cover objects (Mathis, 1989; Gergits and Jaeger, 1990).
I searched for adult salamanders [males and females under rocks or logs > 50 cm2 (P. cinereus was not found under smaller objects)] and located 41 individuals. At each of these sites, I placed four 7.6 x 12.7 cm cards made out of bright yellow plastic sheets coated on both sides with a specially formulated sticky goo (Olson Products, model 5P343). These traps catch mobile invertebrates up to the size of a large cockroach, but salamanders do not stick to them. Each trap was protected from falling leaf litter by placing a 14.5-cm petri dish approximately 3 cm above the trap on sticks pushed into the ground. I placed one trap at the litter-soil interface at each of the four cardinal directions approximately equidistant around a rock or a log where a salamander was found. Any leaves removed from the ground were replaced on top of the petri dish sheltering the trap. I never used sites that had more than one salamander present. I set traps around 21 territories on the first day and collected them 24 h later. The following day, I set traps around 20 more salamander territories in an adjacent area of about the same size and collected them 24 h later. I placed each trap in a separately marked polyurethane bag and froze it until I could examine the trapped invertebrates.
I measured each salamander's SVL to the anterior of the cloaca, tail length (TL), mouth width, and mass and determined its sex. I used only salamanders of _ 34 mm SVL based on Sayler (1966), who found this to be the minimum size of male and female sexually mature adults. Cover object size was recorded as greatest width times greatest length. I recorded the number of invertebrates on each trap, identified them to taxonomic order (Borror et al., 1989), and measured the total length and width of each potential prey item using a dissection microscope fitted with an ocular micrometer. The shape of the invertebrates was assumed to be cylindrical (Fraser, 1976; Jaeger, 1980) , and their volumes were calculated using the formula for a cylinder. I counted only those prey that were previously determined to be ingested by P. cinereus and that were within the size range utilized by P. cinereus (0.01-2.5 mm3) based on Jaeger's (1972, pers. comm.) studies at this same site. Prey items were pooled from all four traps within one territory. I attempted to estimate the profitability of a territory by ranking food resources from the lowest profitability (hard bodied prey) to the highest profitability (soft bodied). Soft bodied prey are, in general, more profitable food items than hard bodied prey because the former pass through the salamander's digestive tract faster and are digested more efficiently than are the latter (Jaeger, 1990; Gabor and Jaeger, 1995). in Shenandoah National Park. This is the same date, but different year, as Mathis used to measure the soil temperatures of her cover objects. Jaeger chose a random transect (10 x 100 m) out of numerous predetermined ones and sampled soil temperatures immediately as he raised the first 24 rocks and logs encountered away from the substrate. The data were analyzed using two-tailed Spearman rank-order correlations with a = 0.05 (Siegel and Castellan, 1988) . I pooled my data from the two sites because there was no rainfall on either testing date, the air temperature varied little (27-29 C) on the two testing days (Climatological Data, 1992), and the sites consisted of similar, adjacent habitats. I used the information from the correlation between log of salamander SVL and log of salamander mass to estimate the condition of each salamander using residuals by measuring the distance that each point fell above or below the regression line (Fig. 1 C) considered to be of average condition. Those above the line were in above average condition, and those below the line were in relatively poor condition. Note that the methods for testing my hypothesis could not differentiate between whether bigger salamanders are gaining access to better territories or whether salamanders in food-rich territories grow bigger.
Soil temperatures and cover object volumes
Results. -The number of prey on the four traps in each salamander's territory was significantly, positively correlated with that salamander's SVL (Fig. 1A) and mass (Fig. iB) . I found no significant correlations between the total volume of the prey per territory and salamander SVL (r, = 0.204, n = 41, P = 0.20) or salamander mass (r, = 0.30, n = 41, P > 0.05). There was a significant, positive correlation between log mass of the salamander as a function of log salamander SVL (Fig. 1C) . I plotted the residuals from Figure 1 C as a function of number of prey found in the territory of each individual and found a significant, positive correlation (Fig. 1D) .
I found a significant positive correlation between the number of Diptera, a soft bodied prey, and salamander SVL ( Fig. 2A) and salamander  mass (Fig. 2B) . On the other hand, there was no significant correlation between the number of Acari, a hard bodied prey, and salamander SVL (Fig. 2C) or salamander mass (Fig. 2D) . There was a significant positive correlation between the residuals and the number of Diptera in a territory (Fig. 3A) but not between the residuals and the number of Acari in a territory (Fig. 3B) . There was no significant correlation between number of Diptera (r, = 0.085, n = 41, P > 0.50) or number of Acari (r, = 0.041, n = 41, P > 0.50) on the traps with cover object size. There also was no significant correlation between the size of a salamander's cover object with the salamander's SVL (r, = 0.219, n = 41, P > 0.10) or the salamander's mass (r. = 0.15, n = 41, P > 0.20). There was no significant correlation between the size of a cover object and the temperature of the soil under the cover object based on Jaeger's study (r, = -0.369, n = 24, P = 0.08).
Discussion. -Although these data do not reflect an experimental design, they are based on correlations with a priori predictions and are the first to assess directly the availability of prey at individual feeding territories of P. cinereus. They also assess the relationship between prey availability and salamander body condition.
Red-backed salamanders are thought to benefit from territories due to preferential access to a critical resource leading to satisfaction of energy requirements and resulting in a potential increase in fitness (Jaeger et al., 1982) . Mathis (1990) inferred that larger, territorial salamanders sequester prey from competitors, because territories are maintained during noncourtship summer months (Jaeger, 1979; Mathis, 1989). Thus, I predicted that larger salamanders should hold more profitable territories.
My data support Mathis' hypothesis that bigger red-backed salamanders have better territories. I found significant, positive correlations between the number of prey in the salamanders' territories and the salamanders' SVLs (Fig. 1 A) and masses (Fig. iB) . Mathis (1990) further suggested (but did not test) that larger cover objects may allow salamanders access to a larger number of prey items. My data do not support this inference. There was no significant correlation between a salamander's cover object size and a salamander's SVL, and there was no significant correlation between the size of the cover object and the number of Diptera and Acari. Therefore, although bigger cover objects provide a better buffer zone between the salamander and the extreme environmental temperatures on the forest floor (Mathis, 1990), they do not always provide more or better prey.
Why was cover object size an important factor S. has a broken canopy, allowing sunlight to hit the ground in places, thus heating rocks. Consequently, at M.L.B.S., larger cover objects would be expected to be cooler than smaller cover objects, as Mathis found. At Hawksbill Gap, the canopy is closed, so little or no direct sunlight hits the forest floor. Thus, one might expect that large and small rocks would not differ in temperature significantly. Mathis found that there was a significant difference between the soil temperature of small and large cover objects whereas R. G. Jaeger (unpubl. data) found no significant difference between the soil temperature of small and large cover objects. Therefore, these results suggest that, where sunlight heats cover objects on the forest floor, salamanders prefer larger objects (Mathis' results), whereas where direct sunlight does not heat cover objects on the forest floor, salamanders do not select cover objects based on their sizes but instead select cover objects based on the quality and quantity of food around them.
By analyzing the residual condition of each salamander as plotted against the number of prey in each territory (Fig. 1 D) , I infer that either bigger salamanders gain access to foodrich territories or salamanders that happen to be in food-rich territories grow bigger than those in poorer quality territories. Further, my data also suggest that salamander territories serve as feeding areas (Jaeger et al., 1982; Mathis, 1991), but further experiments are needed to test this hypothesis.
I found that the number of Diptera (a profitable food resource) in a salamander's territory was significantly, positively correlated with salamander SVL and mass, supporting the hypothesis that salamanders in food-rich territories grow bigger or that bigger salamanders occupy food-rich territories. The lack of significant correlations between the number of Acari and salamander SVL and mass within a territory provide further support for this hypothesis, because Acari are a more armored (chitinous) prey and thus less profitable to a salamander. In addition, the significant, positive correlation between the condition of each salamander and the number of Diptera in a territory, in contrast with the nonsignificant correlation between the condition of a salamander and the number of Acari in a territory (Fig. 3A-B) , further supports the prediction that salamanders in poorer condition occupy less profitable territories. From this study in the natural forest habitat, I infer that larger individuals of P. cinereus occupy territories on the forest floor that contain more and better prey, as predicted by Jaeger (1980), Mathis (1990), and Gabor and Jaeger (1995).
